Summary.-An implantation model has been used to investigate the cellular progression of chemically induced subcutaneous neoplasia in the mouse. Implantation of 3,4-benzpyrene induced persistent changes in the normal process of connective tissue formation around the implant. Light-microscope and autoradiographic studies have shown a temporal progression from aberrant filter-or muscle-associated cells through proliferative foci to large invasive sarcoma. Electron microscopy revealed that presarcomatous cell foci consisted of one of two different cell types. These were either spindle cells with ultrastructural characteristics similar to foreign-bodyinduced sarcoma, or cells with the ultrastructural features of rhabdomyosarcoma. The subsequent appearance of two histological groups of sarcoma that were ultrastructurally similar to the cells of the early proliferative foci indicated that both elements may progress to form tumours. However, the constituent cells of both groups of tumours displayed a broad histological and ultrastructural spectrum and the marked similarity between the undifferentiated cells of each suggested that both may have arisen from diverse differentiation of a common pluripotential cell such as the pericyte. ALTHOUGH r epeated s.c. injection in rodents has been found to be of limited value for assessing the carcinogenicity of substances (Grasso & Golberg, 1966) , s.c. implantation has been used with some success to trace the course of chemically induced neoplasia in the subcutis. Vasiliev (1959) and Vasiliev et al. (1962) produced a comprehensive treatise on the cell and tissue changes that occur after the s.c. implantation of polycyclic aromatic hydrocarbon (PAH) carcinogens in rats. These carcinogens produced changes in the cell and tissue reactions around the implanted material, consisting of inhibition of fibroblast differentiation and growth accompanied by leucocyte infiltration. This led to a profound distortion of normal fibrogenesis, and encapsulation of the implanted material. Similar responses were seen by Hooson et al. (1971 Hooson et al. ( , 1973 after s.c. injection of water-soluble carcinogens.
Foci considered to be presarcomatous arose from cells remaining in the collagenized areas adjacent to the implanted carcinogen (Vasiliev et al., 1962) . These early foci were similar to those which arose after s.c. injection of a variety of carcinogenic substances (Carter, 1969 (Carter, , 1970 and were reported to consist of abnormal fibroblasts and fragmented distorted collagen and reticulin. These fibroblasts were pleomorphic, and mitotic figures were frequent. Although the cellular progression of induced s.c. neoplasia has been extensively examined, the cell types involved have not been conclusively established.
It was the aim of this work to locate and characterize the cell types involved in the progression of s.c. neoplasia induced by the carcinogen 3,4-benzpyrene (BP) using histology, autoradiography and electron microscopy. The implantation model de-veloped by Lavelle (1973) and modified by us to assess carcinogenicity (Purchase et al., 1976 (Purchase et al., , 1978 strap-like and multinucleate, containing sheaves of filaments irregularly distributed in the cytoplasm. Z-band material was prominent. Nuclei were large and irregular. Only small amounts of endoplastic reticulum were apparent, but large numbers of ribosomes, usually grouped together as polyribosomes, were scattered throughout the cytoplasm. Many mitochondria were present. These cells were very similar to those seen in the final tumour (Fig. 8) .
2. In contrast to the surrounding tissues, only the cells on or near the filter surface were seen to have incorporated 3H-TdR (Fig. 4a) . These cells had very large oval or irregular nuclei with prominent nucleoli and many chromatin granules. Nuclear membranes had many invaginations. The cytoplasm was scanty with perinuclear basophilia.
3. Small foci of cells with similar morphology were seen on or near the filter surface (Fig. 4b) (Fig. 5 ). Mitochondria were numerous and often contained rounded smooth vesicles (Fig. 5) . However, cytoplasmic structures of a similar size to mitochondria and bordered by a double membrane were frequently present, containing a dense array of these smoothsurfaced vesicles. These vesicles were also free in the cytoplasm of the cells (Figs. 5  & 6 ). Annulate lamellar structures (Fig. 6 Large spindle-shaped cells of varying sizes (Fig. 7a ) with large irregularly shaped nuclei. Nuclei were basophilic with a fine chromatin network and numerous chromatin granules. Cells usually contained one nucleus, although multinucleate cells were present with up to 20 or more nuclei. Multinucleate cells were rounded or straplike. The cytoplasm of the cells was not extensive, and had a pronounced perinuclear basophilia. Cells formed swirling patterns of growth. Only very small quantities of reticulin or collagen were present. Ultrastructurally these cells ranged from those with the same morphological features as those illustrated in Figs. 5 and 6 and containing all the noted cytoplasmic inclusions, to those similar to that illustrated in Fig. 9b . These cells contained only small amounts of RER, many polyribosomes and little fibrillar material. The nuclei of t,hese cells were of a similar size to those of the Type 1 cells (Fig. 7b ). The nuclear matrix had a less prominent chromatin network. The cells had an abundant acidophilic cytoplasm.
Multinucleate cells were prominent and grew in interlacing straps and bundles. Cross-striations were noted in some of these cells. Only small amounts of collagen or reticulin were present. Many of the large multinucleate cells of these tumours were morphologically similar to the Type 1 multinucleate cells. As in the Type 1 tumours, the multinucleate cells also often contained an abundant acidophilic cytoplasm. Ultrastructurally, the constituent cells of the Type 2 tumours varied in morphology as shown in Figs. 8, 9a and 9b. Some of the cells (Fig. 8) were large and irregular. They contained filaments arranged to form sarcomeres with Z-bands. Mitochondria-free ribosomes and polysomes were present,. Only small amounts of endoplastic reticulum were seen. Nuclei were usually of an irregular shape.
Other cells (Fig. 9a) contained smoothsurfaced vesicles scattered throughout the cytoplasm with irregularly distributed fibrillar material which was also present, in the form of sheaves. Z-band material was not present.
A third type of cell (Fig. 9b) contained little endoplastic reticulum, many free ribosomes, polyribosomes, smooth-surfaced vesicles, and small amounts of randomly scattered fibrillar material. However, no sheaves of fibrils were present All tumours of Type 2 cells that were examined contained this variety of cells.
DISCUSSION
In these experiments the requirement for a non-tumorigenic solid base for the implant was of primarv importance. We have confirmed the findings of Goldhaber (1961) and Karp et al. (1973) that Millipore filters of pore size 0-22 /um are nontumorigenic after s.c. implantation.
The incorporation of pyrene into the gelatin overlay did not substantially alter the tissue reaction to implantation. The material remaining in the subcutis became coated by a capsule similar to that seen with control implants, but somewhat, thicker. No tumours were found.
The incorporation of 5 mg of BP into the gelatin overlay profoundly altered the course of the tissue response. An early feature of the tissue reaction was a prolonged exudation and infiltration by macrophages and lymphocytes. The mechanism of this is poorly understood, but various authors (Klimenko, 1958; asiliev et al., 1962) have suggested that the lymphocytic infiltration may occur as a result of the local immune reaction to tissue proteins modified by the carcinogens. Indeed, Curtis et al. (1978) have shown that BP induces a pronounced immune response, and their findings suggested that, this response is an important component of the carcinogenic process. Further, the tumour-inhibitory effect of specific cytotoxic lymphoid cells (Berczi & Sehon, 1977) may explain the pre-(lominance of lymphocytes in the BPinduced tissue reactions. In the present, study the normal fibroblast response to implantation was inhibited. This particular aspect of carcinogen treatment has also been noted by Vasiliev et al. (1962) , who demonstrated an inhibition of fibroblastic differentiation and growth around paraffin pellets containing carcinogens. Similar findings (Hooson et al., 1971 (Hooson et al., , 1973 followed repeated injections of watersoluble carcinogens into the subcutis. Moreover, carcinogenic hydrocarbons inhibit the proliferation of fibroblasts in vitro, whilst chemically related but noncarcinogenic hydrocarbons do not (Vasiliev & Guelstein, 1963) . These observations are consistent with Evensen's view (1961) . These structures have been described in a variety of mesenchymal tumours, including epithelioid sarcomas (Frable et al., 1973) , haemangiopericytomas (Murad & Von Haam, 1968) , fibrosarcomas (Crocker & Murad, 1969) and lieomyoblastomas (Cornog, 1969) . In addition to the cellular constituents noted in foreign-body sarcomas , our studies illustrated the presence of annulate lamellar structures which have been more frequently encountered in malignant cells than in normal cells (Elliot & Arkelger, 1966; Chambers & Weiser, 1964; Merkow etal., 1967) .
The fibroblast has commonly been implicated as the originator cell of chemically induced s.c. sarcomas (Vasiliev et al., Carter, 1] Brand et al., 1976) another cell type such as the pericyte may be implicated as the originator of the spindle-cell tumours. The pericyte deserves special consideration as a possible cell of origin, in that it is a local pluripotential mesenchymal cell, and this could account for the subcellular variety within and between tumours. Also, it possesses subcellular features which are compatible with those seen in the tumour cells.
The proliferative foci of aberrant musclelike cells noted in some of the sections were morphologically similar to rhabdomyosarcoma cells described by Friedman & Bird (1969) . Variously distributed actin and myosin filaments were present as were Z-bands. Many of the cells had fenestrated organelles, consisting of a system of tubules and cisternae similar to those described by Hagopian & Spiro (1967) . Myelin clusters were also present. These cells probably originated from the panniculus carnosus or deeper muscle tissue.
The Type 2 tumour cells noted here were also of very similar morphology to the rhabdomyosarcomas described by Friedman & Bird (1969) , who showed that it was possible to discriminate between at least 4 types of such tumours, depending on their state of differentiation. In the present study the Type 2 tumour cells also varied in their state of differentiation, ranging from those with small numbers of cytoplasmic filaments of no fixed length often localized in the perinuclear zone, to those containing organized actin and myosin filaments arranged to form myofilaments with prominent Z-banding.
These studies indicate that the cellular progression of neoplasia can take 2 main routes following the s.c. implantation of BP. Firstly, the transformation of fibroblast or pericyte-like cells with their subsequent progression through filterattached foci to sarcomas that vary in their state of differentiation. Secondly, the transformation of cells of the panniculus carnosus or deeper muscle, and their progression to sarcomas that also vary in their state of differentiation.
However, the morphological distinction between the undifferentiated Type 1 tumour cells, described here, and the undifferentiated Type 2 tumour cells was very restricted. Both types of cell had a limited dilated rough endoplasmic reticulum, many mitochondria and polyribosomes, and very small quantities of fibrillar material. Both were found to form multinucleate structures. Although the results of these investigations indicate this dual progression of neoplasia, the possibility cannot be ruled out that both histological groups of tumours arose, at least in some cases, from the same cell origin.
A number of factors indicate that a pluripotential cell such as the pericyte is probably capable of producing this variety of tumours. As already noted, Johnson et al. (1973) implicated the pericyte as a possible progenitor of foreign-body-induced sarcomas. Furthermore, Hard & Butler (1971) found that cells of tumours arising in the kidney after treatment of rats with dimethylnitrosamine displayed a broad histological spectrum, including cells similar to fibroblasts, pericytes, snmooth-muscle cells and rhabdomyoblasts. Despite this there was no basis for a type subdivision. It was suggested that the pericyte was the most likely progenitor cell. Thus the pericyte is probably capable of yielding tumours consistent with both cell types noted in these studies. This hypothesis is at present being examined in our laboratories by the use of in vivo/in vitro tissue-culture techniques to study the early stages of tumorigenesis by BP in the subcutis. 
